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0 Ionic dressing for topical administration of drugs to wounds and bums. 

(S) Novel wound dressings are provided herein. The wound dressing includes a substrate and a physiologically- 
or biologically- active agent adsorbed therein. The substrate is chemically modified to have ionic-adsorbing sites 
thereon. The agent is in its ionic form, Upon contact wtth body exudate from wounds to which such wound 
dressing is applied, the physiologically- or biologically active agent Is released in a controlled manner by ton 
exchange with the Ions in the body exudate In proportion to the amount of exudate. 
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IONIC DRESSING FOR TOPICAL ADMINISTRATION OF DRUGS TO WOUNDS AND BURNS 



This Invention relates to ionic forms of dressings to which a variety of ionic physiologically* and/or 
biologically-active materials can be adsorbed so that a controlled release of that material into body exudates 
of wounds can take place. 

When drugs are systemicaily administered to treat wounds (including cuts, abrasions. Incisions, ulcers 
5 and infected wounds or bums), a large portion of the drugs is either degraded or adsorbed by nontarget 
tissues and only a small portion of the initial dose reaches the target site. The efficiency of systemic dosing 
is further decreased in the trauma patient (as in accidents, earthquakes, fires and wars) who often suffer a 
decreased vascular flow and thus have reduced drug circulation. Furthermore, the trauma patient often fails 
to provide information regarding sensitivity to drugs, or fails to take drugs orally. Topical drug administra- 
te tion. in theory, would provide immediate, direct and sustained effects at the target site, and reduce side- 
effects and degradation of drugs encountered in systemic dosing. Topical application also permits rapid 
removal and replacement of drugs when adverse effects are noticed. When cleansing is not readily 
available, topical application is more effective in destroying microbial spores because a higher concentration 
of drugs can be applied. Thus, treatment of wounds or burns will benefit from an improvement of topical 
75 administration, whether used alone or In conjunction with systemic dosing. 

Currently, antibiotics, e.g. fusidic acid, chtorohexidine, Neomycin, Polymyxin and Bacitracin are topically 
applied in gel, cream or ointment forms (occasionally in aerosol and powder). Because a high concentration 
of the drugs are in direct contact with the target tissue, some of the drugs cause allergic reaction by contact 
with the target tissue, some of drugs cause allelic dermatitis, particularly in patients with stasis ulcers or 
20 eczema, or exhibit toxicity. 

To provide a controlled release of drugs, a U.S. Army medical team has developed microcapsules 
(diameters of <10 u) containing ampfcillin for topical application to wound sites. 

The art Is replete with patents involving the absorption or absorption of drugs on carriers. Among them 
are the following: 
25 Canadian Patent No. 486,203 to Johnson & Johnson 
Canadian Patent No. 503,389 to Casumano 
Canadian Patent No. 823,628 to Wyant 
Canadian Patent No. 547,091 to Lemer 
Canadian Patent No. 588.169 to Chfcopee 
30 Canadian Patent No. 839,229 to Astra 

Canadian Patent No. 1,049,407 to Pharmacia 

U.S. Patent 2381.621 patented August 7. 1945 by Wallace & Telman Products, Inc. 
U.S. Patent No. 2.804.425 patented August 27, 1957 by American Cyanamid Company 
U.S. Patent No. 3,817,702 patented June 18, 1974 by Bayer Aktiengesseilschaft 

35 U.S. Patent No. 3.987,793 patented October 26. 1976 by Ethicon Inc. 
U.S. Patent No. 4,549,011 patented October 22, 1985 by Orgenlcs Ltd. 
U.S. Patent No. 4,585.652 patented April 29, 1986 by Regents of the University of Minnesota 

Enzymes, e.g. fibrinolytic proteases and deoxyribcnucleases. are occasionally used to dissolve fibrous 
or purulent accumulations In infected wounds or bums. These enzymes are currently applied in the form of 

40 gels (e.g., carboxymethyl cellulose gel) or ointments. Such systems may suffer the same problems of 
allergy and time-consuming application described above. Furthermore, they do not provide mechanisms for 
removal of enzymlc hydrolysates wfch are potential irritants. 

The prior art drug delivery systems (gel, cream, ointment powder and microcapsule) suffer a practical 
problem : their even application or removal to and from the target site requires gentle manipulation and is 

48 too time-consuming for treatment of a large number of trauma patients In emergency cases. To overcome 
this problem, gauze dressings impregnated with a suspension of antibiotics (ag^ fusidic acid and 
Neomycin) in appropriate media (e.g-, petroleum jelly and lanolin) have been developed. However, this 
delivery system does not control the release of drugs and thus does not solve the allergy or toxicity 
problems. Furthermore, the dressings impregnated with gel or liquid do not absorb the exudate, and may 

5a not provide sufficient breathability which may be desired for the treatment 

The invention is Interned to provide a remedy to be above problems. It solves the problem of providing 
forms of dressings which can adsorb physiologically- or biologically- active compounds which can be 
released, in a controlled manner, to effect their biotogfceJ or physiological activity. This Invention thus 
provides a wound or bum dressing which consists of a substrate comprising a physiologically- or 
biologically- active substance or agent bound, e.g. adsorbed therein, characterized in that the said substrate 



2 



EP0338 173 A1 



has ton-binding sites thereon e.g, by being chemically- modified and further characterized in that the said 
active substance is in its ionic form ; whereby, upon contact with body exudate from a wound or bum to 
which such dressing is applied, the physiologically- or biologically- active substance is released in a 
controlled manner, e.g. in tempo with the formation of exudate, by ion exchange with ion in the body 

5 exudate. This controlled release thus reduces unnecessary exposure of unwounded skin surface to the 
physiologically- or biologically- active agent 

The substrate has anlon-binding sites, is a diaikytaminoaJkyl cloth and is selected from the group which 
consists of a dmethylaminomethyl cloth, a diethytaminoethyl cloth, a diethylamlriomeihyl cloth, a 
dimethylaminoethyl cloth, a dlmethylaminopropyl cloth and a diethylaminopropyi ; preferably 

70 diethyiaminoethyl cloth ; or it has cation-binding sites, is a carboxyalkyl cloth, and is selected from the 
group which consists of a carboxymethyl cloth, a carboxyethyi cloth and a carboxypropyl cloth ; preferably 
a carboxymethyl cloth. 

The physidogfeally-active of biologically- active substance is selected from the group which consists of 
an antibacterial agent an antifungal agent, an analgesic agent, a tissue healant agent, a local anesthetic 
is agent an antibleeding agent, an enzyme, or a vasoconstrictor or a salt form thereof. 

Where the substrate is a alalkylamtnoalkyl doth, i.e. a doth having anion-binding sites, the 
physiologically- or biologically- active agent is an anionic drug. Such anionic drug may be : an antibacterial, 
ejg. fusidic acid, pseudomonic acid, ceftriaxone or nafdllin ; or an antifungal, e.g. dclopirox, nystatin, or 
undecylenic add : or an analgesic, e.g. salicylic acid, salicylsulfuric acid or nicotinic acid ; or an 
so antibleeolng agent e.g. adenosine diphosphate, such antibleeding agents operating by making platelets 
sticky, an initial step required for the stopping of bleeding. Such physiologically- or biologically- active 
agents may be used in the form of their salts. 

Further specification of some of the above-described anionic drugs are as follows : 

1. Fusidic Acid is also known as (Z)-1 6/9-(Acotyloxy>-3cr,1 1 a<lihydroxy-2S-nor-8a,9£,1 3a, 140- 
25 dammara-17(20). 24-djen-2l-oic add. Its sodium salt sodium fusfcfate. Is also known as ZN 6. 

2. Nafdllin is also known as 6-(2-Ethoxy-1 -naphthamido)-3,3-dimethyl-7-oxo-4-thia-1 -azablcyclo 
[35,0) heptane-2-carboxylic add ; 6-<2-ethoxy-1-aphthamido) penidllanate. The sodium salt is also known 
as Naftopen and Unipen. 

3. Nystatin is also known as Fungiddin. 

30 4. Undecylenic Acid, also known as 10-Undecenotc add. 

5. SaHcyclic Add is also known as 2-Hydroxybenzoic acid. 

6. Salicylsulfuric Acid Is also known as 2-{Suifooxy)- benzoic acid. 

7. Nicotinic Add Is also known as 3-Pyrldinecarboxylic acid. 

a Adenosine Diphosphate is also known as Adenosine 5-{trihydrogen diphosphate). 

35 

Where the substrate is a carboxyalkyl cloth, i.e. a doth having cation-binding sites, the physiologically- 
or biologically- active agent is a cationic drug. Such cationic drug may be : an antibacterial, e.g. 
chlorhexiolne, chlorhexldine digluconate, Badtradn, Chlortetracycline. Gentamycin. Kanamycfn. Neomydn. 
Neomycin 8, Paromomydn, Polymyxin, Pdymyxin B, Streptomycin, or Tetracycline ; or an antifungal, e*g. 
40 Amphotericin 6. Ootrfmlazde, Miconazole or Natamycin ; or tissue healants, e.g. cysteine, glydne or 
threonine ; or local anesthetics, e.g. lidocaine or Pramocaine ; or enzymes, e.g. trypsin, Streptokinase, 
plasmin (Fibrinolysin) or Streptodomase ; or deoxyrtbonuclease ; or a cationic vasoconstrictor, e.g. 
epinephrine or serotonin. Such physiologically- or biologically- active agents may be used in the form of 
their salts. 

45 Further specification of some of the above-described cationic drugs are as follows: 

1. Chlorhexidine Is also known as N.N*«Bls{4-chto«)phenyl)-3 J 12-dHmfno-2,4 f ll,i3- 
tetraazatetradecanediimidamide. Its gluconate is known as Hibiscrob. 

2. Badtracin is also known as AyfMn. 

3. Chlortetracycline is also known as 7-Chtoro-4-dimethylam[no-1,4 f 4a^5.5a,6,1 1,12a-octahydro- 
50 3,6,10,12,1 2a-pertahydroxy-6-methyM ,1 1 ,-cfioxo-2-naphthac©ne carboxamkte. 

4. Gentamycin includes Gentamlcin Ci a «. which is also known as 0-3-Deoxy-4-C-methyl-3- 
(methy lamino)- jS-L-arabinopyranosyl-(1 -*6)-0[2,6-dramino-2,3,4,e-tetradeoxy-cr D-erythro-hexo pyranosy 1 - 
{ 1 ^4)h2-deoxy-f>streptamine and as gentamicin D. 

Gentamidn A Is also known as 0-2-Amirx>2<Jeoxy^D-g!ucopyranosyl-( 1 ^)-0-[3-deoxy-3-(methy lamino)- 
55 ar-r>xylopyranosyh(l -^)}-2-deoxy-D-streptamlne. 
The C complex sulfate Is also known as Cidomycin. 

5. Kanamydn includes: Kanamycin A sulfate, also known as Cantrex; Kanamycin B. is also known as 
NK 1006; and Kanamydn B sulfate, also known as Kanendcmycfn. 
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6, Neomycin te also known as Mydfradm. ft also includes Neamine, which Includes: Neomycin A, and 
Neomycin B. which is also known as Framycetin. Neomycin B sulfate is also known as Fraquinol 

7. Paromomycin Is also known as O-2,6-0iamino-2«6-dideoxy-/S-4.-1 -ctopyrano3yh<1 —3)0-/3- 
ribofurarwsyK1^5)^-[2-amfno-2-deoxy-a-0-glucopyranosyl-{1-* 4)]-2-deoxystreptamine. Its sulfate is also 

5 known as 1600 Antibiotic. 

3. Polymyxin, having the structural formula 



R — > L-DAO — »i-Tnr 




7 -Nil, 



20 

(where DAB " a.T-diaminobutyric acid) 
includes: 

Polymyxin B. which is a mixture of polymyxins Bt and Bz; 
Polymyxin B sulfate, which is also known as Aerosporin; 
25 Polymyxin Bi, where, in the above Formula, R = ( + )-6-methytoctanoyt. X = phenylalanine, Y = leucine, 
and Z = L-OAB; 
Polymyxin Bi hydrochloride: 

Polymyxin 82, where. In the above Formula R » 6-methylheptanoyl, X B phenylalanine, Y * leucine, and 
Z = L-DAB: 

jo Polymyxin Dt, where, in the above Formula R = < + )-6-methy loctanoyl, X = leucine. Y = threonine, and Z 
= D-serine; 

Polymyxin Dz, where, in the above Formula R = 6-methylheptanoyl,, X = leucine, Y = threonine, and Z - 
D-serine; and 

Polymyxin E. which is also known as Colistin. 
35 9. Streptomycin Is also known as 0-2-Oeoxy^m^y!ammo)^L-gfuc<^yrariosyl-(1 — 2)-0-5-deoxy-3- 

C-fonnylni-LHyxofurarwsyH1^>^ its sesquisulfate is also known 

as streptomyrin sulfate. Streptomycin B is also known as Mannosidostreptomycin. 

10* Tetracycline is also known as 4-(Dimethylamino)-1.4-4a,5 l 5a,6,-1 1,1 2a-octahydrr>3.6,l 0.12.1 2a- 

pentahydroxy-6«methyM ,-1 1 -dioxo-2-naphthacenecarboxamjde. Its phosphate complex is also known as 
4Q Panmycin Phosphte. Its lauryi sulfate is known as Lauracycfine. 

11 . Amphotericin B is also known as Fungizone. 

12. Clotrimazole is also known as 1-[2-ChlorophenylKTiphenyl-meU^yl]-lH-imidazoie. 

13. Miconazole is also known as 1*[2-(2.4-Dichlorophenyl)-2-[(2 t 4-dichlorophenyl)methoxy]ethylh1H- 
imidazole. Its nitrate is also known as R- 14889. 

45 14. Pimaricin Is also known as Tennecetln. 

15. Cysteine, Cys (IUPAC abbrev.) is also known as OL-cysteine, 

16. Glycine, Gly ((UPAAC abbrev.), is also known as amlnoacette add. 

17. Threonine, Thr (IUPAC abbrev.), Is also known as 2-amlno-3-hydroxybutyric acid. 

18. Udocaine is also known as 2«(DiethyJamir^)^(2 f 6-dimet^ylphenyl)acetannida 
so 19. Pramocaine is also known as 4-{3-<4- Butoxy phenoxy )-propy I )morphoiine. 

20. Rbronotysin Is also known as Ptasmin. 

21. Epinephrine is also known as 4-[1-Hydroxy-2-(methylamino)-ettiyll-1^-benzenediol. 

22. Serotonin is also known as 3-(2-aminoethyl)-1 H-indol-5-ol; 5-hydroxytryptamine. 



The synthesis and characterization of DEAE and CM derivatives of polysaccharides, bjq. cellulose, 
dextraa and starch are weiKtocumented. The derivatives are non-toxic, non-allergenlc and have been used 
as food additives or pharmaceuticals. Although these derivatives are provided in fiber, powder or granular 
forms, cloth forms of the derivatives are not commercially available. The cloth forms have definite 
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advantages in large-scale purification and immobilization of Ionic macromoiecules (e.g., enzymes) because 
they provide easy handling (washing, transfer and removal) and faster flow in a packed bed operation. High 
degrees of dertvatizaHon of the cotton cloth tend to either stiffen the fabric texture or reduce the fabric 
strength. Furthermore, the edges of the woven fabric tend to ravel after modification. Cotton surgical 

6 dressing or gauze suffer even greater textural changes. 

For topical application, pliability, softness and low liming of dressings are desfred. It has been found by 
the present applicants that modification of nonwoven cellulose-polyester blend fabrics produces suitable 
ionic dressings. Unmodified, nonwoven cellulose fabrics are commercially available. For example, 
rayon/polyester non-woven fabric blends (known by the Trade Marks SONTARA 8801 and SONTARA 8407) 

io may be used. They are free of chemical additives (e.g. resins), binder and finish (which would taterefere 
with modification); are soft, pliable and low linting; and have nonravelling edges and good absorbency. 
Because of the polyester part the fabric strength is less affected by modification than cellulose fabrics. The 
apertured style (known by the Trade Mark SONTARA 8407) has been used as medical dressings, because 
of greater breathabitity. 

rs Currently available methods for OEAE and CM derivation are aimed for modifying fibers or beads of 
polyhydroxy polymers and often require stirring and heating for relatively short periods of time. Since 
efficient stirring and rapid heating are difficult for modification of these fabrics in large sizes and quantities, 
processes have been devised by the present applicants as will be more fully described hereinafter which 
allow modification without stirring and at near ambient temperatures 

20 The invention is described hereinafter as carried out with non-woven doth, but is is to be understood 
this is by no means any limitative effect since the same method can be carried out with woven cloth. 

For OEAE, the nonwoven rayon/polyester cloths are placed on a flat polyethylene sheet and wetted with 
diethylaminoethyt chloride solution <e.g.. 20%) in H 2 0 and then saturated with NaOH solution (e.g.. 15%) 
saturated with Na*304. For CM, the ctoths placed on e polyethylene sheet are saturated with a sodium 

25 monochloroacetate solution (e.g. 20%) in a NaOH solution (e.g. 15%). 

Another polyethylene sheet is placed on top of the so-treated cloths. The sandwiched cloths are 
incubated at 30°C. for suitable lengths of time (normally less than 2 h). Trie DEAE cloths are washed with 
H2O, 0.5 N NaOH and H 2 0. The CM cloths are washed with H20, 0J5 N HCI and H2O. 80th types of cloths 
are air-dried. The degree of modification is controlled by time and the modified cloths must have good 

30 adsorption capacity (measured by adsorption of bovine serum albumin) and pliability and softness for 
contact with skin. Adsorption of fusldic acid to DEAE cloth and chlorohexidine to CM cloths has been used 
as model systems. The modification reaction can be carried out at any temperature between 20* C. and 
50* C. 

A diaikylaminoaJkyl cloth other than OEAE-cloth or a carboxyalkyl cloth other than CM-cloth may be 
35 prepared in the same way as generally described above by the use of the corresponding diaikylaminoalkyl 
haiide or by the use of a corresponding salt of a morrahalocarboxylic acid. 

The physiologically- or biologically- active agent can be adsorbed in the diaikylaminoalkyl or in the 
carboxyalkyl cloth by soaking the respective cloth in an aqueous or aqueous aicohofic solution of the active 
agent. 

40 The following are Preparation Example 1 for the preparation of DEAE- and CM- cloths and Examples 2 - 
4, which are embodiments of drug cloths of aspects of this invention. 



Preparation Example 1, Preparation of DEAE- and CM- cloths 

45 ^ * * 

Nonwoven rayon/polyester blend (70730) fabric (SONTARA 8407 from EJ. DuPont de Nemours and Co.) 
was used to prepare DEAE-and CM- cloths. This fabric has a unit weight of 5.1 mg per cm 2 , and its 
apertured style permits good aeration when applied to skin. 

For DEAE-cioth, the above-described doth was placed on an alkaii-resistant thin plastic sheet (e.g. 

so polyethylene), uniformly moistened with 20% (w/v) diethylaminoethyl chloride hydrochloride In H 2 0 (0.04 
ml per cm 2 of doth), and men with 15% (w/v) NaOH in a saturated NaaSO* aqueous solution (0.01 ml per 
cm 2 of cloth). A second plastic sheet was placed on the top of the doth. This sandwiched doth was 
multiply layered between two heavy plates (glass, plastic or metal), and incubated at 30* C. for various 
lengths of time (e.g. 0.5h, to 2.5 h.). The cloth was men washed with water, then with 0.5 N NaOH, and 

55 water (until it had a neutral pH) and then was air-dried. 

For CM-cioth, the above-described doth, placed on a plastic sheet, was uniformly moistened with 20% 
(w/v socSum monochloroacetate in 15% (wVv) NaOH (0.05 ml per cm 2 cloth) and was then covered with a 
second plastic sheet. Multiple layers of the sandwiched cloth were incubated as described above for the 
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preparation of the DEAE-ctoth at 30* C. for various lengths of time {e.g. OJSK to 3M- The doth was then 
washed with water, then with 0.5N HCL and water (until ft had a neutral pH), and then was air-dried. 

The degree ot doth modification was measured by adsorption of bovine serum albumin to DEAE-ctoth 
and egg white proteins to CM-cloth. Longer reaction times (at 30* C.) produced a cloth of higher protein 
5 adsorption, reaching a maximum adsorption of 5 mg protein per cm 2 of cloth (1 g protein per/g. cloth). 
However, overrnocfiftcafion generated undesirable texture (e.g. ft was too hard for contact with sfdn or was 
too soft for handling). The reaction times of 1 .5 h. for DEAE-doth and 2 ru for CM-ctoth were used to obtain 
suitable pliability and softness (with protein adsorption capacity of 2 mg/cm 2 ). 



to 

Examples of the Invention 



Example 2, Adsorption of fuskflc acid and chlorhexidine 

15 

Currently, gauze dressings impregnated with an ointment of fusidlc add or chlorhexidine are used to 
treat wounds topically. Adsorption of these antibiotics to the Ionic dressings according to aspects of this 
invention was determined. Segments (1 cm square) of DEAE-, CM- and unmodified cloth were soaked in 
1.0 ml doth segment of 10 mg/m! sodium fusidate or 10 mg/rnf chtorhexkfne dtgfuconate for 2h. at room 
20 temperature. The segments were then washed with water. 

Each segment was then soaked In 1.0 ml of porcine serum or Krebs phosphate Ringer to simulate a 
heavy bleeding situation (at the wound site). 

The particular Krebs phosphate Ringer solution used herein had the following composition: 



25 


100 Vol. 


0.154 


M 


SaCl 




4 Vol. 


0.154 


M 


KCl 




3 Vol. 


0.110 


M 


CaCl 2 


30 


1 Vol. 


0.154 


M 


KH2PO4 




0.5 Vol.- 


0.154 


M 


M5SO4 




and 0.-*5 Vol. 


0.154 


M 


MsCl 2 



38 

The amount of the respective antibiotics released were estimated by standard inhfbrtion zone assay using 
an Escherichia co£ ESS strain as an indicator, and are -shown tn Table 1. 

Table 1. Antibiotics ' its / Released from Ionic p ressings fj ca - ) 
40 Fusidate tron 0EAE Chlorhexidine fro* CM 



45 



so 



Elution ™ Rinser Ringer 

tise fh. * Serua Solution Serua solution 



0.5 



0.25 0.5 0.1 0.25 

1.5 0.5 0,5 0.25 0.3 

24 0.*i 0.75 1.0 



TabJe 1 shows that the serum gradually released both antibiotics from the ionic dressings. The Ringer 
solution more rapidly released similar amounts of antibiotics. Since the release is due to ion exchange, 
macromolecular ions in the serum do not seem to be as efficient as inorganic tons in the Ringer solution. 
The unmodified cloth (similarly treated with the antibiotics) released negligibly small amounts of fusidate 
and less than a tenth the amounts of chlorhexidine released by the CM dressing. 

The air-dried antibiotic dressings were stored in a HghMree container at room temperature. After 4 
months, the activities of the antibiotics released by the serum were determined. Both the fusidate and the 



0 



EP 0 MS 173 A1 



chlorhexidine dressings exhibited nearly the original activity of antibiotics as described above. 



Example 3. Adsorption of other drugs 

5 

Segments (1 cm square) of DEAE- and CM- cloth were soaked in 1.0 ml of 10 mg/m! of a variety of 
topical drugs for 2 h. at room temperature, washed with water, and then soaked In 1 ml of Krebs Ringer 
phosphate solution for 2 h. at room temperature. The amount of drugs released after 2 h. were estimated by 
uftraviotet absorption (at wavelengths between 200 to 260 nm) after diluting the extract to Hnear ooncentra- 
ro tion vs. absorption ranges. 

Table 2 (below) illustrates that a!) the anionic drugs tested adsorbed to the cationlc DEAE-cloth, that ail 
the caiiortic drugs tested adsorbed to the anionic CM-cloth, and that the adsorbed drugs can be extracted 
by Krebs Ringer phosphate solution. However, the results shown in Table 2 represent the amounts released 
with a limited volume of the Ringer solution for 2 h. and do not represent maximum adsorption of drugs. 

rs 



20 



25 



30 



3S 



40 



45 



SO 



ss 
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Ta»U 2. Drug Released Into 1 ei Krebs Ringer Solution 



'5 



25 



30 



Cloth 



Drug 



Solvent 
for drug 
adso rp c ion 



Drug released 
Ringer ( mg ) 



0€A£ 



Sodiuo Fusidate 

Pseudomonic 
acid 

Sodiuo 

Cef tnaxone 

Safciim 

Adenosine 
diphosphate 

.Vystatia 

Undecy ienic 
acid 

Salicylic 
acid 

Salicylsul- 
tunc acid 

Nicotinic 
acid 



Methanol 



Methanol 

Methanol 
H 2 o 



0.S2 
0.33 

0.36 

0.76 
0.2 

0.2 

0.25 

0.25 

0.28 



35 



40 



45 



CM 



Chlorhexidme 
digiucoaate 

Bacitracin 

Chlorte tra- 
eye 1 ine 

Gen taraycis 
sulfate 

Kananycm 
sulfate 



0.3i 
0. 72 

0.*8 

0 . 44 

0.71 
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T ah i« 2. fcoatjj »ru« g«l««» - f f 1 <»l «rH»5 USUI Solution, 
~ ~ — — — — — 5 0 ivent 

for drus Otu* released 

Cloth Dru« adsorption Ringer (as) 



CM 



.Veoayem S 

sulfate ' " a ' 2A 

Polymyxin B 

sulfate °- 25 

Streptoaycin 

sulfate H 

Tetracycline Methanol 0.012 
Amphotericin ft °- 02 

Clotrimazole " 

Miconazole n °- 01 

Cysteine HjO 

Glycine " 

Threonine " 30 

Lidocaine " °' 7 * 



In the above Table, the tests were conducted as follows: 

A 1 cm square segment of the ionic cloth was soaked in 1 ml of 10 mg/ml of each drug dissolved in 
either HaO car methanol (as noted) for Z h. at room temperature. The washed segment was soaked in 1 ml 
of the Ringer solution for 2 h. at room temperature. The released drugs were measured spectrometricafly. 



Example 4. Adsorption of trypsin and plasmln 

Trypsin is capable of removing proteinsceous material from a wound. 8 is posftvely charged at a 
neutral pH, and therefore should be adsorbed to anionic CM-cloth. A 1 cm square segment of CM-ctoth was 
soaked in 1 ml (per segment) of 1 mg/ml trypsin in 0.02 M sodium phosphate buffer <pH 7,0), The segment 
was washed with water, suspended in 1 ml of the Ringer solution, and assayed for trypsin activity. One 
segment of the cloth having trypsin absorbed therein showed 150 BAEE units. 

Rasmin (or fibrinolysin) occurs In blood and is responsible for flbronolysis, i-e. dissolution of blood clots 
by the proteolytic degradation of fibrin to soluble peptides. A 1 cm square segment of DEAE-ctoth was 
soaked In 1 ml (per segment) of 0.4 mg (1.3 U.yml of plasmln (plasminogen activated by streptokinase) 
solution. The segment was washed with water and suspended in a standard clot for activity to lyse the clot. 
One segment of the cloth to which ptasmin was adsorbed, showed 1 U. activity. 



Way In Which the Invention is Capable of Exploitation by \n6uS\ry 

By embodiments of the present invention, djaikylaminoalkyl, preferably diethylamlnoethyl (DEAE), and 
carboxyalkyl, preferably carboxy methyl (CM), forms of dressings have been provided so that anionic drugs 
can be adsorbed onto DEAE-dressings and cation ic drugs onto CM-dressfng. Most of proteases are 
posftivery charged and thus can be adsorbed to CM-dressing. Thus ionic forms of dressing have been 
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provided to which a variety of ionic drugs (antibiotics, heaianis, anesthetics, etc.) as well as omymBS can 
be adsorbed. When applied on weeping wounds or burns, the drug will be released in controlled amounts 
by ion exchange with tons in the body exudate in proportion to the amount of exudate. Such a controlled 
release will reduce unnecessary exposure to drugs and thus to allergic reactions. The fibrinolytic enzymes 

5 can be adsorbed to the ionic dressing and may be used to dissolve fibrous or purulent accumulation and 
reduce inflammation, tonic ir ritants ge n e ra te d will be adsorbed to the d r e s si ngs . Use of these dressings will 
permit rapid and gentle application and removal of drugs and thus facilitate treatments in emergency 
situations, e.g. accidents* earthquakes, fires and wars. 

The drug dressings of aspects of this invention can also be used to treat skin diseases, e.g., acne, or 

jo inflamation. They may also find the same appBcations as cosmetics, as was dts dosed for the micro- 
spheres, patented by Advanced Polymer Systems, as U.S. Patent No. 4,690,825, as was described in the 
March 9, 1988 issue of Chemical Week. 

immobilized (adsorbed) enzymes can be used as adjuncts to antibiotic prophylaxis of surgical wounds 
as well as infected wounds as they show an antMnflammatory activity. CM dressing should also adsorb 

75 cationic irritants, e.g. amines which may be generated from enzyme hydrolysis or infection. These materials 
can be removed with the dressing. Furthermore, CM dressing will likely adsorb a large amount of fluid and 
also exhibit a blood coagulating activity. 

Another expected advantage of these drug systems is that the adsorbed drugs wtff be more stable than 
free drugs either in solution or suspension. Unlike dressings impregnated with drug ointments, the ionic 

20 dressings, when applied in dry forms, adsorb fluid weeping from the damaged tissues and provide better air 
circulation (breathability) which is often desired for the wound treatment. 

It has been found that the adsorbed drugs are elutable with porcine serum and with Ringer solution and 
the e luted drugs have been shown to inhibit the growth of Escherichia colL This suggests that upon 
application to weeping sites the dressings are capable of releasing drugs by ion exchange with ions in the 

25 Wood. 



Claims 

30 1. A wound or bum dressing which consists of a substrate comprising a physiologically -or biologically- 
active substance adsorbed therein, characterized in that the said substrate has Ion-binding sites thereon and 
further characterized in that the said active substance is in its ionic form ; whereby, upon contact with body 
exudate from a wound or burn "to which such dressing is applied, the physiologically- or btologicaliy- active 
substance is released in a controlled manner by Ion exchange with ion in the body exudate. 

3« a. The wound or bum dressing of claim 1, characterized In that said substrate has anion-bmdlng sites 
and is a dialkylamlnoalkyt doth. 

3. The wound or burn dressing of claim 2. characterized in that said dialkylaminoalkyl cloth is selected 
from the group which consists of a dimethylaminomethyf doth, a diethylammoethyl doth, a 
diethylaminomethyi doth, a dimethytaminoethyl cloth, a dimemylaminopropyl cloth and a 

40 diethylaminopropyl ; preferably diethylaminoethyl cloth. 

4. The wound or bum dressing of claim 1 , characterized in that said substrate has cation-binding sites 
and is a carboxyalky! cloth. 

5. The wound or bum dressing of claim 4, characterized in that said carboxyafkyl doth is selected from 
the group which consists of a carboxymethyl cloth, a carboxyethyl cloth and a carboxypropyl cloth ; 

45 preferably a carboxymethyl cloth. 

6. The wound or burn dressing of claims 1 to 5, characterized in that said physiologically- or 
biologically- active substance Is selected from the group which consists of an antibacterial agent, an 
antifungal agent an analgesic agent a tissue heaiant agent a local anesthetic agent an antibleeding agent 
an enzyme or a vasoconstrictor, or a salt form thereof. 

so 7. The wound or bum dressing of claim 2, 3, or 8, characterized in that said physiologically- or 
biologically- active substance is an anionic drug and is selected from the group which comprises an anionic 
antibacterial, especially iusidic add. salts of fusidfc add. pseudomonic add, ceftriaxone, or nafciliin or salts 
thereof ; or an anionic antifungal, especially dclopirox, nystatin, or undecylenic acid, or salts thereof ; or an 
anionic analgesic, especially saficytic actd, saficyteutfuric add or nicotinic add, or salts thereof ; or Is an 

55 anionic antibleeding agent, especially adenosine diphosphate. 

8. The wound or burn dressing of claim 4, 5, or 6, characterized in that said physiologically- or 
biologicaJiy- active substance is a cationic drug and is selected from the group which comprises an cationic 
antibacterial, especially chtorhexJdine, bacitradn, chlorteiracycfine, gentamydn, kanamydn, neomydn B, 
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paramomyctn, polymyxin B, streptomycin, or tetracycline, or salts thereof ; or a catfonic antifungal, 
especially amphotericin B, clotrimazole, miconazole or natamycin, or salts thereof ; or a cationic tissue 
healant, especially cysteine, glycine or threonine, or salts thereof ; a cationic local anesthetic, especially 
lidocaine or pramocaihe, or salts thereof ; or a cationic enzyme, especially trypsin, streptokinase, plasmin 
5 (fibrinolysin) or streptodornase, or salts thereof ; or deoxyribonuclease ; or a cationic vasoconstrictor, 
especially epinephrine or serotonin. 

9. The wound or burn dressing of claim 1 to a characterized In that said substrate is a non-wpyen 
rayon/polyester doth, preferably In the form of Its apertured style. 

10. A method for preparing the wound or bum dressing of claim 1 to 9, characterized It that it 
to comprises chemically modifying by derivafcmg a substrate to form Ion-binding sites therein and binding 

thereon a physiologically- or biologically- active substance to be adsorbed therein. 

11 . The method of claim 10, characterized In that said physiologically- or bfotogfcaliy- active substance 
is bound to said modified substrate by soaking this derivatized substrate in an aqueous or aqueous 
alcoholic solution of said physiologically- or biologically- active substance. 

75 12. The method of claim 10 or claim 11, characterized »n that said substrate is modified to form anlon- 
binding sites therein by means of a dialkylaminoalkyl haSde, preferably a diethytaminoethyl chloride 
solution. 

13. The method of claim 10, characterized in that said substrate is modified to form cation-binding sites 
therein by means of a salt of monohalocarboxylic acid, preferably a sodium monochloroacetate solution. 

20 
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